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Objective   This study aimed to evaluate if sustained trapezius muscle activity predicts neck and shoulder pain 
over a 2.5-year period.
Methods   Forty young adults (15 hairdressers, 14 electricians, 5 students and 6 with various work) were fol-
ORZHGGXULQJWKHLU¿UVW\HDUVRIZRUNLQJOLIH6HOIUHSRUWHGQHFNDQGVKRXOGHUSDLQGXULQJWKHODVWIRXUZHHNV
was assessed seven times over the observational period. Upper-trapezius muscle activity was measured during a 
IXOOZRUNLQJGD\E\ELODWHUDOVXUIDFHHOHFWURP\RJUDSK\(0*DWEDVHOLQHZLQWHU6XVWDLQHGWUDSH]LXV
PXVFOHDFWLYLW\ZDVGH¿QHGDVFRQWLQXRXVPXVFOHDFWLYLW\ZLWKDPSOLWXGH!(0*maxODVWLQJ!PLQXWHV
7KHUHODWLYHWLPHRIVXVWDLQHGPXVFOHDFWLYLW\GXULQJWKHZRUNLQJGD\ZDVFDOFXODWHGDQGIXUWKHUFODVVL¿HGLQWR
ORZ±PRGHUDWH±DQGKLJK±OHYHOJURXSV
Results   Generalized estimating equations (GEE), adjusted for time, gender, mechanical workload, control-
over-work intensity, physical activity, tobacco use, and prior neck and shoulder pain, showed that participants 
with a high level of sustained muscle activity had a rate of neck and shoulder pain three times higher than the 
low level group during a 2.5-year period. The association was strongest at the same time and shortly after the 
(0*PHDVXUHPHQWLQGLFDWLQJDWLPHODJRIPRQWKV
Conclusion   The results support the hypothesis that sustained trapezius muscle activity is associated with neck 
and shoulder pain. This association was strongest analyzing cross-sectional and short-term effects. 
Key terms   electromyography; EMG; musculoskeletal disorder; workload; young worker.
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Neck and shoulder disorders are a considerable health 
problem in the working population with prevalence 
UDWHVRI3DLQLQWKLVUHJLRQLVFRPPRQDOVR
DPRQJ\RXQJDGXOWVLQWKHLU¿UVW\HDUVRIZRUNLQJOLIH
:RUNUHODWHGQHFNDQGVKRXOGHUSDLQUHSUHVHQWVVXI-
fering for the individual and is a considerable economic 
challenge for society. 
The etiology of work-related neck and shoulder pain 
has been extensively examined, however the causes are 
still unclear and regarded as complex and multifacto-
rial (4). Biomechanical and psychosocial workplace 
factors as well as individual risk factors have all been 
related to neck and shoulder pain (5–8). The deleteri-
ous effect of sustained activity pattern in the trapezius 
muscle (which is the occurrence of continuous muscle 
activation without interruptions) has been proposed as 
a common mechanism for explaining neck and shoulder 
pain (9). Veiersted and co-workers (10) found that a low 
frequency of interruptions in trapezius muscle activ-
ity during repetitive tasks was associated with future 
development of neck pain. More recent studies have 
shown a correlation between trapezius muscle activa-
WLRQDQGSDLQ,QDFURVVVHFWLRQDOVWXG\6]HWRHWDO
IRXQGWKDWWKRVHRI¿FHZRUNHUVZLWKKLJKOHYHOVRIQHFN
and shoulder pain had higher trapezius muscle activity 
FRPSDUHG WR RI¿FHZRUNHUVZLWK ORZHU SDLQ OHYHOV$
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longitudinal study on forest machine operators found 
that a higher frequency of episodes with sustained tra-
SH]LXVPXVFOHDFWLYLW\ODVWLQJIRUPLQXWHVZDVUHODWHG
to future reports of neck pain (12). These studies suggest 
that reduced muscle rest or sustained muscle activity 
may be essential factors leading to neck and shoulder 
pain. In contrast, others have proposed that either pain 
OHDGV WR GHFUHDVHGPXVFOH DFWLYLW\  RU WKHUH LV QR
association between low-level trapezius muscle activity 
and pain (14–17). 
6LQFH WKHUH LV QR FRQVHQVXV FRQFHUQLQJ WUDSH]LXV
muscle activity and its relation to neck and shoulder 
pain, we have used a longitudinal design for this study 
with frequent measurements of neck and shoulder pain 
to evaluate the long-term effects and time-lag, in addi-
tion to cross-sectional effects and reverse relationship, 
RI VXVWDLQHGPXVFOHDFWLYLW\:HVWXGLHG\RXQJDGXOWV
in order to investigate the development of work-related 
SDLQLQWKH¿UVW\HDUVRIZRUNLQJOLIHZKHQSDUWLFLSDQWV
have had no or little exposure from earlier work. This 
is in contrast to most previous studies on this topic that 
have investigated middle-aged or older workers. More-
over, only a few prior studies have applied a longitudinal 
design. 
The hypothesis of this study postulates that sustained 
trapezius muscle activity pattern at work predicts neck 
and shoulder pain over the following 2.5 years.  
Methods
Study design 
In this prospective study, 40 young adults were followed 
RYHUD\HDUSHULRG±%DVHOLQHPHDVXUH-
ment occurred during the winter of 2006/2007, when a 
recording of each participant’s upper-trapezius muscle 
activity was taken during a full working day. The same 
day, all study participants completed a questionnaire. 
Over the following 2.5-year period, the participants 
completed questionnaires approximately every 4th month 
providing information on pain and other covariate vari-
ables. Over a 1-year period prior to baseline (2006), 
questionnaires on neck and shoulder pain were collected 
on three occasions and used as a covariate. The study 
design is illustrated in table 1.
Study sample
7KH  SDUWLFLSDQWV ZRPHQ DQG PHQZHUH D
subsample from a cohort followed from 2002 and con-
sisting of 420 technical school students, representing 
student hairdressers, student electricians, and art/media/
design students (18). Of the 420 subjects, 140 were not 
contacted because they had withdrawn from the original 
study or had moved away from the Oslo region. Tele-
phone contact was attempted with the remaining 280 
subjects, and a total of 156 were reached and asked if 
WKH\ZRXOGWDNHSDUWLQWKHRQHGD\¿HOGUHJLVWUDWLRQ2I
these, 111 subjects refused due to, for example, prob-
lems obtaining permission from their employer or not 
being interested, leaving 45 subjects for inclusion in the 
study. Two of these cancelled their appointments, and 
data of three subjects were excluded because of techni-
cal defects in the electromyography (EMG) registration, 
leaving data on a total of 40 participants. The partici-
pants had different occupations at the time of the muscle 
activity measurement: 15 females were hairdressers, 14 
males were electricians, 5 females were students, and 
IHPDOHVDQGPDOHVKDGRWKHURFFXSDWLRQVVXFKDV
working in the retail business or kindergarten. Table 2 
presents a further overview of the study group charac-
WHULVWLFV7KHVWXG\JURXS1 KDGVLJQL¿FDQWO\ORZHU
tobacco use prevalence at baseline than the remaining 
FRKRUW1 3 2WKHUZLVHWKHUHZHUHQRVLJ-
QL¿FDQW GLIIHUHQFHV EHWZHHQ WKH VWXG\ JURXSV DQG WKH
rest of the cohort for the variables listed in table 2. 
Upper-trapezius muscle activity
Upper-trapezius muscle activity was evaluated by bilat-
eral surface EMG, recorded with 6 mm diameter, bipo-
ODU HOHFWURGHV (960HGLFRWHVW$6 OVW\NNH
Denmark). The electrodes were placed with a 20 mm 
inter-electrode distance parallel to the underlying muscle 
¿EHUVLQVWDQGDUGL]HGSRVLWLRQV7KHURRWPHDQ
VTXDUH506YDOXHZDVFDOFXODWHGIRUHSRFKVRIRQH
eighth of a second, and the recorded noise level was 
subtracted. The signal was then processed through 
D UHFWDQJXODUPRYLQJ DYHUDJH ¿OWHU RI VHFRQG
OHQJWKJLYLQJDQ506ZLQGRZOHQJWKRIDSSUR[LPDWHO\
1.6 seconds. The data was controlled for movement 
artifacts and electromagnetic interference as described 
by Hansson and co-workers (21). This controlling pro-
cedure did not identify any artifacts or interference and 
therefore no parts of the recordings were excluded. 
Applying a manual resistance against which the arm 
was abducted 90° in the scapular plane (21), the inves-
tigator normalized the full working day EMG recording 
in percent of the EMGmax of standardized maximum 
muscle contractions. The mean EMG recording length 
ZDVKRXUVDQGPLQXWHVUDQJHKRXUPLQXWHV±
KRXUVPLQXWHV6XVWDLQHGWUDSH]LXVPXVFOHDFWLYLW\
ZDVGH¿QHGDVWKHUHODWLYHWLPHRIWLPHGXULQJWKH
IXOOZRUNLQJGD\ZLWKDFWLYLW\!(0*max continu-
RXVO\IRU!PLQXWHV7KLVGXUDWLRQZDVFKRVHQRQWKH
basis of a recent methodological study on the effects of 
EMG data processing procedures where it was found 
that 4 minutes was one of the preferable measures (22). 
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An earlier study using similar episodes with sustained 
PXVFOHDFWLYLW\DQGWKHGLVWULEXWLRQRIRXUGDWDZHUH
also both important when choosing the exposure mea-
sure. In order to check how appropriate the choice of a 
4-minute duration threshold was, a control analysis was 
FRQGXFWHGZLWKGXUDWLRQWKUHVKROGVRI!!!!
DQG!PLQXWHVDVZHOODVZLWKQRGHPDQGRQGXUD-
WLRQLHLQFOXGLQJDOOVHFRQG506ZLQGRZV!
EMGmax:LGHO\ XVHG(0*PHDVXUHV VXFK DV VWDWLF
muscle activity (10th percentile of the amplitude distribu-
tion) (22, 24) and muscle rest (proportion of total time 
ZLWK(0*DFWLYLW\RI(0*max) (22, 25) were also 
DQDO\]HG )RU WKHVHPHDVXUHVZH XVHG D VHFRQG
506ZLQGRZZKLFKLVLQOLQHZLWKHDUOLHUVWXGLHV
24, 25). The EMG recording was done bilaterally and the 
relative time of sustained muscle activity was calculated 
for each side before a mean from the right and left EMG 
recording was used in the analyses. The relative time of 
sustained muscle activity during a full working day was 
divided into three approximately equally sized groups: 
LORZ±LLPRGHUDWH±DQGLLLKLJK
±OHYHORIVXVWDLQHGWUDSH]LXVPXVFOHDFWLYLW\
Questionnaires
Assessments of neck and shoulder pain were obtained 
approximately every 4th month over the follow-up period 
(2006/7–2009), meaning that this information was given 
in all seven questionnaires during the 2.5-year follow-up. 
Prior neck and shoulder pain was collected from three 
questionnaires over a 1-year period prior to the baseline 
EMG measurement in 2006. The mean of the three neck 
and shoulder pain index scores was used. Questions on 
control over work intensity, mechanical workload, physi-
cal activity, and tobacco use were recorded approximately 
every year, giving information in three of the seven ques-
tionnaires. This is illustrated in detail in table 1.
Neck and shoulder pain. The participants reported their 
experienced neck and shoulder pain over the last four 
weeks (26), reporting both pain intensity on a scale of 
± QR  OLWWOH PRGHUDWH  DQG VHYHUH  DQG
duration in days on a scale of 1–4 (1–5=1, 6–10=2, 
± DQG± $PDQQHTXLQGUDZLQJZDVXVHG
to give a full understanding of the neck and shoulder 
region (27). A pain index was calculated by multiplying 
SDLQ LQWHQVLW\ ± DQGGXUDWLRQ ±JLYLQJDSDLQ
index ranging from 0–12. The reliability of this method 
has been found to be acceptable based on testing the 
correlation between the questionnaire and a medical 
H[DPLQDWLRQ 6SHDUPDQCV FRUUHODWLRQ FRHI¿FLHQW 
(28). Long-lasting or severe neck and shoulder pain was 
GH¿QHGDVDQLQGH[VFRUHRIPHDQLQJWKDWWKHVXEMHFW
HLWKHU UHSRUWHG OLWWOH SDLQ IRU !ZHHNV RUPRGHUDWH
VHYHUHSDLQIRUGD\VRYHUWKHODVWZHHNV
Covariates. The participants’ working status was moni-
tored in all seven questionnaires during the follow-up 
period, to detect possible changes from one profession to 
another or a change from work to studying or other pos-
sible status changes. The participants were asked about 
their perceived control-over-work intensity. Two ques-
tions were used to evaluate this: “Can you set your own 
work pace?” and “Can you determine the lengths of your 
own breaks?” The questions had 5 response alternatives 
ranging from 0=never/seldom to 4=often/very often 
(29). The mean of the response on these two questions 
equalled the score on control-over-work intensity. A total 
of 12 questions were used to assess the work-related 
PHFKDQLFDOH[SRVXUH0,7KHSDUWLFLSDQWVZHUH
asked whether their work involved or required repetitive 
movements (one question), precision movements (one 
question), manual material handling (two questions), 
vibration (one question), and body postures (seven ques-
tions) such as working with their arms elevated or their 
back twisted or bent forward. The response alternatives 
were: 0=nothing/hardly nothing, 1=somewhat, or 2=a 
great deal. On the basis of the 12 questions, an index 
ZDV FDOFXODWHG UDQJLQJ IURP± 2QHTXHVWLRQ
Table 1. Study design (2006–2009) and missing data information from 40 young adults. [Q=questionnaire; missing=number of non-
responders; “.”=missing by design]
2006 2006/2007 2008 2009
Qpriora Q1 Q2 Q3 Q4 Q5 Q6 Q7
Neck/shoulder pain
Missing 2/10/9 0 8 5 10 17 11 6
Mechanical workload
Missing 2 . . 14 . . 10
Tobacco use
Missing 0 . . 10 . . 6
Control over work intensity
Missing 0 . . 10 . . 7
Physical activity
Missing 0 . . 10 . . 6
a The mean of three questionnaires on neck and shoulder pain to register “prior pain”.
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measured physical activity level during leisure time. 
The participants were asked how often they performed 
activities that led to increased heart rate and shortness of 
breath. The question had 7 response categories ranging 
IURP QHYHUWR HYHU\GD\7KHSDUWLFLSDQWVZHUH
also asked about their smoking and snuff habits. If they 
either were smokers or used snuff daily or occasionally 
they were characterized as tobacco users.   
Missing data and imputation procedures
In our study, some of the time-varying variables were not 
assessed in all seven questionnaires during the follow-up 
period and thus were “missing by design” (mechanical 
workload, tobacco use, control over work intensity, and 
physical activity). Missing data also resulted when the 
SDUWLFLSDQWVGLGQRWDQVZHURIWKHTXHVWLRQQDLUHVXQLW
non-responders) or did not complete single items in a 
questionnaire (item non-responders). The total amount 
of missing values from non-responders in each question-
QDLUHUDQJHGIURP1 WR1 WDEOH
To handle the missing data, multiple imputations were 
done by using a longitudinal regression model that 
took into account both the clustering in data (multiple 
observations per individual) and the time trends for the 
ZKROHJURXS2QWKHEDVLVRI¿YHLPSXWHGGDWDVHWV
one average estimate was calculated on the associations 
$PXOWLSOH LPSXWDWLRQSURFHGXUHRIPLVVLQJGDWD
was done to reduce bias and make use of all the data 
FROOHFWHG
Data analysis and statistics
%RWK67$7$YHUVLRQ6WDWD&RUS&ROOHJH6WDWLRQ
7;86$ DQG WKH 6WDWLVWLFDO 3DFNDJH IRU 6RFLDO 6FL-
HQFHVYHUVLRQ6366,QVWLWXWH&KLFDJR,/86$
were used for the statistical analyses. Cross-sectional 
differences in pain and background variables were 
DVVHVVHGXVLQJWKHLQGHSHQGHQW±VDPSOHV0DQQ:KLWQH\
8 WHVW .UXVNDO:DOOLV WHVW ZDV XVHG WR DQDO\]H WKH
three levels of sustained muscle activity and pain while 
6SHDUPDQCVUDQNFRUUHODWLRQZDVXVHGLQWKHFDOFXODWLRQ
RIWKHFRQWLQXRXVPXVFOHDFWLYLW\YDULDEOH±DQG
pain. A time-lag of pain reports approximately every 
four months was employed to analyze the time that 
elapses between the muscle activity exposure and neck 
or shoulder pain, and generalized estimating equations 
(GEE) analysis was conducted to evaluate the time-lag 
and the longitudinal association between sustained 
muscle activity and pain. This model takes into account 
the correlation between the repeated measurements 
ZLWKLQWKHLQGLYLGXDO$QHJDWLYHELQRPLDO*((
analysis was used due to over dispersion in the discrete 
outcome variable. Incidence rate ratio (IRR) with cor-
UHVSRQGLQJ  FRQ¿GHQFH LQWHUYDOV &,ZHUH
reported for the effect estimates. In all negative binomial 
GEE analysis, an exchangeable correlations structure 
was used. Because of the gender difference in effect of 
pain over time, the univariate and multivariate analyses 
ZHUHGRQHIRUWKHZKROHJURXSDQGVWUDWL¿HGE\JHQGHU
The study had a relatively small number of subjects 
(N=40). However, when incorporating the intraclass cor-
UHODWLRQFRHI¿FLHQWUKR RIWKHRXWFRPHYDULDEOH
and the number of repeated measurements (7 repeated 
measures), the effective sample size was calculated to be 
N=126. This effective sample size increased the power 
of the study and allowed a multivariable model with 
several covariate variables. The multivariate analyses 
were adjusted for time, mechanical workload, control 
over work intensity, physical activity, tobacco use, prior 
pain and gender.
Ethics
The Regional Committee for Medical Research Ethics 
and the Norwegian Data Inspectorate approved the study. 
:ULWWHQFRQVHQWZDVREWDLQHGIURPWKHSDUWLFLSDQWVDWWKH
establishment of the original cohort in 2002. In addition, a 
written parental consent was obtained for the participants 
in the cohort who were <18 years in 2002.
Results 
Pain and muscle activity at baseline
2I WKH  SDUWLFLSDQWV   UHSRUWHG QHFN DQG
VKRXOGHUSDLQDWEDVHOLQHDQGRIWKHVHUHSRUWHG
ORQJODVWLQJRUVHYHUHSDLQ1RVLJQL¿FDQWGLIIHUHQFHZDV
found between gender and reported neck and shoulder 
pain (P=0.07). Differences in pain between the four 
RFFXSDWLRQDOJURXSVZHUHIRXQG3 +DLUGUHVVHUV
had the highest median pain of 1 (range 0–8). In all the 
other occupational groups, more than half reported no 
neck or shoulder pain (median 0, not shown in table). 
Differences in muscle activity between the occupational 
groups were also found (P=0.001). Hairdressers had 
DPHGLDQ RI  RI WKHZRUNLQJ GD\ZLWK VXVWDLQHG
PXVFOHDFWLYLW\UDQJH±HOHFWULFLDQVUDQJH
±YDULRXVMREVUDQJH±DQGVWXGHQWV
UDQJH±
The cross-sectional analyses showed differences 
in neck and shoulder pain between the three muscle 
activity groups (P<0.001). The group with high-level 
muscle activity reported the highest median pain com-
pared to the low and moderate level group. The rela-
WLYH WLPHRI VXVWDLQHGPXVFOHDFWLYLW\ ±DOVR
showed a significant cross-sectional correlation with 
SDLQ 6SHDUPDQCV FRUUHODWLRQ  3 1R
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significant differences were found between the three 
groups and other background variables at baseline (see 
table 2a/b).
Prior pain and muscle activity
2IWKHSDUWLFLSDQWVKDGSULRUQHFNDQG
shoulder pain (reported in the year prior to baseline) and, 
RIWKHVHDOVRUHSRUWHGQHFNDQGVKRXOGHUSDLQ
DWEDVHOLQHJLYLQJDVLJQL¿FDQWFRUUHODWLRQEHWZHHQSULRU
SDLQDQGSDLQUHSRUWHGDWEDVHOLQH6SHDUPDQCVFRUUHOD-
tion: 0.58, P<0.001). Analyses on reverse relationship 
VKRZHG D QRQVLJQL¿FDQW FRUUHODWLRQ EHWZHHQ UHODWLYH
WLPHRI VXVWDLQHGPXVFOH DFWLYLW\ ± DQGSULRU
SDLQ6SHDUPDQ¶VFRUUHODWLRQ3 
Pain over time
Neck and shoulder pain was found to be fairly stable 
RYHUWLPHRQDJURXSOHYHOVKRZLQJQRVLJQL¿FDQWHIIHFW
of time (P=0.68). The prevalence of neck and shoulder 
SDLQYDULHG±GXULQJWKH\HDUSHULRG,QWKH
VDPH SHULRG EHWZHHQ ± UHSRUWHG ORQJODVWLQJ
or severe neck and shoulder pain. Even if the between-
subject neck and shoulder pain was found stable over 
time on a group level, a large within-subject pain vari-
ability was found over the same period. Figure 1 illus-
trates this within-subject pain variability, distributed 
according to the relative time with sustained trapezius 
muscle activity. 
Work-related exposure over time
The working status, self-reported mechanical workload 
and control over own work intensity were followed for 
the whole observation period. The participants working 
status was rather stable over the study period. After six 
months, two participants changed status (one electri-
cian became unemployed and one subject working in 
kindergarten started to study). After one and two years, 
¿YH SDUWLFLSDQWV FKDQJHGZRUNLQJ VWDWXV RQH RI WKH
electrician and one of the subjects in other profession 
started to study, one hairdresser changed occupation 
DQGWZRVWXGHQWVVWDUWHGWRZRUN$VPDOOEXWLQVLJQL¿-
cant increase in the self-reported mechanical workload 
VFRUHZDVIRXQGRYHU WKH\HDUSHULRG>PHDQVFRUH
4 4 4  3 @&RQWURO RYHU
ZRUNLQWHQVLW\VKRZHGDVOLJKWEXWVLJQL¿FDQWLQFUHDVH
GXULQJ WKH REVHUYDWLRQ SHULRG >PHDQ VFRUH4 
Q4=2.5, Q7=2.5 (P= 0.04)].
Pain and muscle activity: longitudinal analyses 
Unadjusted analyses. The participants with a high level 
of sustained muscle activity had a rate of neck and 
shoulder pain twice that of participants with a low level 
of sustained muscle activity in the long-term effect-
analysis (2.5-year follow-up period). The group with a 
moderate level of sustained muscle activity showed a 
tendency to have a higher rate of neck and shoulder pain 
compared to the low-level group, but the results were 
QRWVWDWLVWLFDOO\VLJQL¿FDQWWDEOH
Figure 2 shows the difference between the three 
muscle activity groups and neck and shoulder pain 
among men and women over the period. It also illus-
trates that the association between the levels of sustained 
muscle activity and neck pain was stronger at the same 
time and shortly after the muscle activity measurement 
was done, further decreasing over time. 
Adjusted analyses. In the multivariate analyses on the 
\HDU IROORZXS D VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ
high level of muscle activity and neck and shoulder 
pain was found for the whole group after adjusting for 
time, mechanical workload, control over work intensity, 
physical activity, tobacco use, prior pain, and gender. 
$QDO\VHV RQ WKH ORQJWHUP HIIHFW VWUDWL¿HG E\ JHQGHU
showed that male participants with a high level of sus-
tained muscle activity had a rate of neck and shoulder 
pain 6-times higher than participants with a low level 
of activity. A tendency towards an association between 
high sustained trapezius muscle activity and occurrence 
of pain was also seen among female participants (table 
:KHQDQDO\]LQJWKHHIIHFWRYHUD\HDUIROORZXS
period (Q2–7), excluding the baseline pain measurement 
and adjusting for prior pain in the multivariate analyses, 
WKHUHVXOWVVWLOOVKRZHGDVLJQL¿FDQWGLIIHUHQFHEHWZHHQ
WKHKLJKDQGORZOHYHOPXVFOHDFWLYLW\JURXS,55 
&,±3:KHQDGMXVWLQJIRUSDLQ
at baseline instead of prior pain in the multivariate 
analyses, however, this association disappeared in the 
ZKROH JURXS ,55  &, ± 3 
stratifying by gender gave a tendency of effect for men 
EXW QRWZRPHQ 6KRUWWHUP HIIHFW DQDO\VHV RI WKH 
\HDUIROORZXS4±VKRZHGDVLJQL¿FDQWGLIIHUHQFH
between the high and low muscle activity groups for 
ERWKPHQ,55 &,±3DQG
ZRPHQ,55 &,±3
In all the analyses, the minimum duration of sustained 
muscle activity was set at 4 minutes. Using a minimum 
duration of 2, 6, 8, and 10 minutes gave similar results. 
However, choosing a minimum duration of 15 minutes 
or including all episodes with elevated muscle activity 
UHJDUGOHVVRI WKH OHQJWKRI WKH HSLVRGHV ! VHFRQGV
GLGQRW UHVXOW LQ VLJQL¿FDQW DVVRFLDWLRQVZLWKQHFN DQG
shoulder pain. All the analyses were done using sustained 
PXVFOHDFWLYLW\GLYLGHGLQWRWKUHHJURXSV6PDOOFKDQJHV
in the cut-off points did not change the results in a substan-
tial way when dividing the three groups. The results were 
not substantially altered either by dichotomizing the vari-
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DEOHLQDORZ±DQGKLJKJURXS±RUE\
XVLQJWKHFRQWLQXRXVYDULDEOH±,55 
&,±3 ,IWKH(0*PHDVXUHVWDWLFPXVFOH
DFWLYLW\ZDVXVHGLQWKHDQDO\VLVQRVLJQL¿FDQWDVVRFLD-
WLRQZLWKSDLQZDVIRXQG,55 &,±
3 0XVFOHUHVWVKRZHGERUGHUOLQHVLJQL¿FDQWDVVR-
ciation with reduced neck and shoulder pain (IRR=0.97 
&,±3 6WDWLFPXVFOH DFWLYLW\ DQG
muscle rest were both found to be highly correlated to the 
VXVWDLQHGPXVFOHDFWLYLW\PHDVXUH6SHDUPDQCVFRUUHODWLRQ
FRHI¿FLHQWDQGUHVSHFWLYHO\
Discussion
Measured on a single working day, trapezius muscle 
DFWLYLW\ SDWWHUQZLWK VXVWDLQHG DFWLYLW\ IRU !PLQXWH
episodes, was associated with neck and shoulder pain 
the following 2.5 years. Participants with a high level 
RI VXVWDLQHGPXVFOH DFWLYLW\ ± GXULQJ WKHLU
working day had a rate of neck and shoulder pain during 
D\HDUSHULRGWLPHVKLJKHUWKDQSDUWLFLSDQWVZLWK
ORZVXVWDLQHGPXVFOHDFWLYLW\:KHQVWUDWL¿HG
Table 2. Participant characteristics at the time of the EMG recording (Q1), divided into three levels of sustained trapezius muscle activity 
(low, moderate and high).
Variables Sustained trapezius muscle activity 
Relative time of a full working day (%)
All 
N=40
Low (0–29) 
N=14
Moderate (30–49) 
N=13
High (50–100) 
 N=13
N % Median Range N % Median Range N % Median Range N % Median Range
Gender a
Men 17 42 8 57 5 38 4 31
Women 23 58 6 43 8 62 9 69
Working status n b
Electrician 14 35 6 43 4 31 4 31
Hairdresser 15 38 1 7 5 38 9 69
Various work 6 15 3 21 3 23 0 0
Students 5 12 4 29 1 8 0 0
Socio-economical background a
Low 8 20 1 7 3 23 4 33
Medium/high 31 80 13 93 10 77 8 67
Parental origin a
Western countries 38 95 14 100 13 93 13 93
Non-western countries 2 5 0 7 1 7 1 7
General health b
Bad/moderate 6 15 3 21 3 22 0 0
Good/very good 34 85 11 79 10 77 13 100
Tobacco use b
Yes 14 35 2 14 6 46 6 46
No 26 65 12 86 7 54 7 54
Age b (years) 22 21–25 22 21–22 22 21–25 22 21–24
Height a (cm) 170 152–193 173 164–185 174 152–183 169 155–193
Perceived stress b, c 1 0–2 1 0–1 1 0–2 1 0–2
Physical activity b, d 3 0–6 4 1–6 3 1–5 3 0–5
Control over work intensity b, e 2.5 0–4 2.5 1.5–4.0 2.5 0.0–3.5 2.0 0.5–4.0
Mechanical workload b, f 11 1–19 10 1–8 11 3–19 11 5–18
Neck/shoulder pain b, g 0 0–8 0 0–1 0 0–6 1 0–8
Prior neck/shoulder pain h, i 0 0–6 0 0–4 0 0–6 0 0–3
Sustained muscle activity b, j (%) 39 2–91 20 2–29 40 33–49 63 50–91
Muscle rest b, k (%) 16 3–60 24 13–60 16 10–26 9 3–20
Static muscle activity b, l (% EMGmax) 0.3 0.5–2.3 0.1 0.05–0.4 0.3 0.1–0.5 0.5 0.2–2.3
a Data taken from fall of 2002. 
b Data from Q1 (2006/7).
c Perceived stress (never=0 to very often=4).
d Physical activity (never=0 to everyday=6).
e Control over work intensity (never=0 to very often=4). 
f Mechanical workload (nothing=0 to great deal=24). 
g Neck and shoulder pain (no pain=0 to severe pain=12 for 15–28 days in last 4 weeks).
h Data from three questionnaires prior to Q1. 
i Mean of three neck/shoulder pain (0–12). 
j The relative time (0–100% of a working day) with muscle activity >0.5% EMGmax lasting >4 minutes. 
k The relative time (0–100% of a working day) with muscle activity <0.5% of EMGmax. 
l The10th percentile of the amplitude distribution. 
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E\JHQGHUWKLVDVVRFLDWLRQZDVVLJQL¿FDQWDPRQJPHQ
and a tendency was also seen among women. The asso-
ciation between sustained muscle activity and pain were 
strongest at the same time and shortly after the EMG 
measurement among both genders. 
The strengths of this study were the use of longitu-
dinal design, frequent reports of neck and shoulder pain, 
and an objective measure of vocational muscle activity. 
This improved the internal validity and limited the pos-
VLELOLW\RIGLIIHUHQWLDOPLVFODVVL¿FDWLRQ7KHORQJLWXGL-
nal design increased the number of total observations 
> REVHUYDWLRQV SHU VXEMHFW   REVHUYDWLRQV@
which improved the statistical power in spite of a small 
number of subjects. The small number of subjects may 
nevertheless increase the uncertainty in the estimates, 
ie, when analyzing the 0.5-year follow-up. The partici-
pants constituted a subsample of a cohort of 420 young 
DGXOWVDQGDQDO\VLVVKRZHGQRVLJQL¿FDQWGLIIHUHQFHVLQ
the relevant variables between the subsample and the 
rest of the cohort. Thus, the participants seemed to be 
representative of the cohort. 
Measuring muscle activity on at least two full work-
LQJGD\VKDVEHHQSURSRVHGDVRSWLPDOEXWZH
were only able to achieve one recording, decreasing 
the reliability of this exposure measurement. The work 
tasks of hairdressers and electricians, however, can be 
considered as being rather similar from day to day, and 
how they work is likely to be largely habitual. Only two 
of the subjects changed their vocational status during 
WKH¿UVW VL[PRQWKV5HSHDWHG UHFRUGLQJVRIYRFDWLRQDO
PXVFOHDFWLYLW\GXULQJDRQH\HDUSHULRGDQGVHYHUDO
recordings during one week (40) have also shown a stable 
Figure 1. Individual 
reports of neck and 
shoulder pain related 
to sustained muscle 
activity over a 2.5-year 
period [questionnaires 
1–7 (Q1–7)] indicat-
ing median, minimum 
and maximum values. 
The sustained trapezius 
muscle activity is meas-
ured at Q1. Gender and 
occupational groups are 
also illustrated.
Table 3. The univariate and multivariate generalized estimating equations (GEE) analyses a of the association between neck and shoulder 
pain and sustained trapezius muscle activity (Q1–7, 2.5 years). [IRR=incidence rate ratio; 95% CI=95% conﬁdence interval]
Neck and shoulder pain All (N=40) Men (N=17) Women (N=23)
N observations=280 N observations=119 N observations=161
IRR 95% CI P-value IRR 95% CI P-value IRR 95% CI P-value
Unadjusted analyses
Sustained muscle activity
Low level 1.00 1.00 1.00
Moderate level 1.32 0.56–3.12 0.53 2.05 0.48–8.82 0.33 0.87 0.36–2.07 0.75
High level 2.64 1.28–5.44 <0.01 3.93 1.18–13.06 0.02 1.94 0.80–4.72 0.14
Adjusted analyses
Sustained muscle activity
Low level 1.00 1.00 1.00
Moderate level 1.67 0.75–3.72 0.21 2.59 0.93–7.15 0.07 1.18 0.54–2.63 0.67
High level 2.89 1.45–5.79 <0.01 6.49 1.91–22.07 <0.01 1.95 0.93–3.66 0.08
a The multivariate analyses are adjusted for time, prior neck and shoulder pain, self-reported mechanical workload, control over work intensity, tobacco 
use and physical activity during leisure time. In addition, adjustments for gender were done in the analyses of all subjects (N=40).
Low level (0-29    0RGHUDWHOHYHO-49         High level (50-100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ZLWKLQVXEMHFWPRWRUSDWWHUQZKHQHYDOXDWLQJDVSHFL¿F
work situation. This makes the use of muscle activity 
measurements from a single working day reasonable as 
representative for the individual exposure estimate. 
Large within-subject variability in neck and shoul-
der pain was found while the pain on a group level was 
UDWKHUVWDEOH7KHVH¿QGLQJVDUHFRQVLVWHQWZLWKDVWXG\
of healthy service-sector workers followed with monthly 
FRPSODLQWUHSRUWVRYHUD\HDUSHULRGDQGDPRQJ
IHPDOHLQGXVWULDOZRUNHUV7KLVÀXFWXDWLRQLQLQGL-
vidual pain over time shows the importance of using 
a longitudinal design with frequent follow-ups when 
evaluating pain association.
The relative time of sustained muscle activity was 
divided in three equally sized groups (low, moderate, 
and high) to evaluate a possible dose–response effect. 
The limits for these three groups were determined by 
the distribution within the sample and not biological 
arguments. Different cut-offs or the use of a continuous 
exposure variable showed similar results, indicating a 
robust measure.
 In our analyses, the length of muscle activity was 
VHWDW!PLQXWHVKRZHYHUXVLQJDQGPLQXWHV
as the minimum duration of sustained muscle activity 
JDYH VLPLODU UHVXOWV7KH ODFN RI VLJQL¿FDQW DVVRFLD-
WLRQEHWZHHQGXUDWLRQRIVXVWDLQHGPXVFOHDFWLYLW\!
minutes and pain was explained by the low statistical 
power when only a few recordings included those long 
HSLVRGHV,QWKHVWXG\RIVWHQVYLNHWDO WKHULVN
RI ODWHUQHFNSDLQZDVVLJQL¿FDQWO\ LQFUHDVHGIRUVXE-
MHFWVZLWKVXVWDLQHGPXVFOHDFWLYLW\HSLVRGHVODVWLQJ!
minutes. This was partly in agreement with our data, but 
our results suggest that an association to pain may be 
UHOHYDQWDOVRIRUGXUDWLRQVVKRUWHUWKDQPLQXWHVLH!
PLQXWHVVWHQVYLNHWDODOVRIRXQGUHGXFHGULVN
for future neck pain among the subjects with sustained 
muscle activity episodes of much shorter duration (ie, 
PLQXWHV ,Q DFFRUGDQFHZLWK WKHVH ¿QGLQJV RXU
results show the total relative time with sustained activ-
ity including all episode durations (an almost recipro-
cal parameter to muscle rest) has no association with 
pain. This may be explained by the fact that the number 
of short episodes of muscle activity (and rest) lasting 
<2 minutes vastly outnumbers those of longer dura-
tion. This shows that the analysis of sustained muscle 
activity may include an evaluation of both very short 
HSLVRGHVZLWK DFWLYLW\UHVW FRQVWLWXWLQJ D EHQH¿FLDO
muscle activity pattern, and longer episodes that pos-
sibly have the opposite effect. The pattern of these short 
and long episodes of activity may therefore be important 
determinants of conditions in the muscle related to pain 
development.  
6XVWDLQHGPXVFOH DFWLYLW\KDVEHHQK\SRWKHVL]HG WR
be a mechanism for pain development in low-level force-
demanding work (9, 41, 42) with focus on the possible 
predictive feature of the temporal aspect of activity and 
UHVW7KHSURSRUWLRQRIWLPHZLWKPXVFOHUHVWDQG
the total relative time with episodes of sustained muscle 
activity (45, 46) both capture the temporal aspect of mus-
cle activity. These methods, however, produce a descrip-
tion of the average time with sustained muscle activity 
while disregarding the duration of activity episodes. To 
our knowledge there has only been one earlier study 
incorporating the duration of sustained muscle activity 
HSLVRGHV7KLVVWXG\VKRZHGWKDWVXVWDLQHGPXVFOH
DFWLYLW\ RI!PLQXWHV GXUDWLRQ FRXOG EH DQ LPSRUWDQW
risk factor for neck pain, which is in agreement with our 
¿QGLQJV)RUUHDVRQVVWDWHGLQWKH0HWKRGVVHFWLRQZH
FKRVHDGXUDWLRQOLPLWRI!PLQXWHVLQRXUPDLQDQDO\VLV
+RZHYHUDQDO\]LQJRXUGDWDZLWKDGXUDWLRQOLPLWRI!
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Figure 2. Neck and shoulder pain development 
divided into three groups depending on level of 
sustained trapezius muscle activity by gender [men 
(N=17) and women (N=23)]. Univariate associations 
over a 2.5-year period [questionnaires 1–7 (Q1–7)].
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minutes would not haved changed our conclusions.
An increased rate of neck and shoulder pain among 
subjects with a high level of sustained muscle activity was 
found both with the use of pain at baseline, prior pain, 
and longitudinal analysis adjusting for prior pain. This 
was consistent with other cross-sectional and longitudinal 
studies, which showed that workers with or contracting 
neck and shoulder pain had lower frequency of interrup-
tions of sustained muscular activity (47), less muscle rest 
KLJKHUVWDWLFDFWLYLW\OHYHORUPRUHEXUVWV
of muscle activity (46), compared to healthy controls. 
2XU UHVXOWV DUH LQ FRQWUDVW WR ¿QGLQJV IURP RWKHU
studies showing no difference in EMG activity patterns 
between workers with and without pain (14–16). These 
discrepancies may be partly explained by methodological 
differences. Recording time differences, the use of labora-
WRU\UHFRUGLQJVZLWKZRUNVLPXODWLRQYHUVXV¿HOGUHJLV-
trations, and differences in EMG data reduction methods 
PDGH LW GLI¿FXOW WR FRPSDUH RXU ¿QGLQJVZLWK HDUOLHU
studies (14–16). To facilitate a comparison, an analysis 
of static muscle activity was conducted and showed no 
association with neck and shoulder pain. This is also in 
DFFRUGDQFHZLWK¿QGLQJVLQDQHDUOLHUVWXG\6WDWLF
muscle activity is one of the EMG measures that has been 
extensively studied. However, it disregards the temporal 
pattern of the activity, and it has been debated that the 
lack of association with neck pain may be due to the 
importance of the temporal aspect of the exposure (50).
The results showing that the pain evaluated during 
the last four weeks at baseline was related to sustained 
muscle activity at the same time-point, indicate that pain 
and sustained muscle activity were reciprocally linked, 
DV H[SODLQHG E\7UDYHOO  DQG ODWHU UH¿QHG DV WKH
“vicious cycle hypothesis” (52). This hypothesis does 
not seem to explain the initiation of pain, but merely the 
sustainment of the problem. On the basis of this study it 
was, however, not possible to determine which comes 
¿UVWRUZKHUHWKHFLUFOHEHJLQV:KHQDGMXVWLQJIRUSULRU
SDLQLQWKHPXOWLYDULDWHDQDO\VLVVLJQL¿FDQWDVVRFLDWLRQV
suggest that there is an independent effect of sustained 
muscle activity on later neck and shoulder pain. The 
results were somewhat altered when adjusting for pain 
at baseline instead of prior pain in the multivariate 
analyses where the association disappeared in the whole 
JURXS7KLV¿QGLQJDQGWKHVWURQJDVVRFLDWLRQZLWKQHFN
and shoulder pain in the cross-sectional and short-term 
analysis (0.5 year follow-up) indicates that a time-lag of 
≤6 months from exposure to effect may be reasonable. 
Our study showed gender differences in the associa-
tion between muscle activity and pain. Among the male 
SDUWLFLSDQWVZHIRXQGDVLJQL¿FDQWO\KLJKHUUDWHRIQHFN
and shoulder pain for the group with a high level of 
sustained muscle activity. For women, there was only a 
tendency towards association between sustained muscle 
DFWLYLW\DQGSDLQ6RPHFODLPZRPHQV¶KLJKHUYXOQHU-
DELOLW\H[SODLQVJHQGHUGLIIHUHQFHVLQSDLQUHSRUWV
EXW D UHFHQW ORQJLWXGLQDO VWXG\ VXSSRUWV RXU ¿QGLQJV
reporting that men had a higher risk of musculoskeletal 
symptoms than women after equal exposure (54). The 
women in our study also had a higher pain level from 
the start, giving them less room for a pain increase com-
pared to the men. It is however important to be aware 
WKDW VXVWDLQHG WUDSH]LXVPXVFOH DFWLYLW\PD\ EH LQÀX-
enced by individual muscular tension or postural motor 
habits as well as the external mechanical workload. The 
gender difference may also be explained by the occu-
pational differences between the genders, since most 
of the females were hairdressers and most of the male 
participants were electricians. Analyzing hairdressers 
and electricians separately also showed the same result, 
indicating that the gender difference could be partly 
explained by the occupational status. However, because 
of the co-linearity, it was hard to draw conclusions on 
both gender and occupation.
In conclusion the results strengthen the hypothesis 
that sustained trapezius muscle activity is associated 
ZLWKQHFNDQGVKRXOGHUSDLQ:LWKFRQVLGHUDWLRQVWRWKH
methodological limitations, our study implicates that 
VXVWDLQHGPXVFOHDFWLYLW\HSLVRGHVODVWLQJ!PLQXWHVIRU
more than half of the working day increases the rate of 
neck and shoulder pain. This association was strongest 
when analyzing cross-sectional and short-term effects. 
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